We studied genetic diversity in Streptococcus pneumoniae and Haemophilus influenzae in throat culture isolates from 38 children attending two day-care centers in Michigan. Culture specimens were collected weekly; 184 S. pneumoniae and 418 H. influenzae were isolated from the cultures. Pulsed-field gel electrophoresis identified 29 patterns among the S. pneumoniae isolates and 87 among the H. influenzae isolates. Of the cultures, 5% contained multiple genetic types of S. pneumoniae, and 43% contained multiple types of H. influenzae. Carriage of multiple H. influenzae isolates, which was associated with exposure to smoking, history of allergies, and age 36 to 47 months, may increase risk for otitis media in children.
Acute otitis media is the most frequently diagnosed bacterial illness in young children in the United States, resulting in an annual economic cost of approximately $3.8 billion per year (1) . Streptococcus pneumoniae and nontypeable Haemophilus influenzae are the bacterial species most frequently associated with otitis media in young children, and nasopharyngeal colonization with these bacteria is associated with its development (2) (3) (4) (5) (6) .
Simultaneous carriage of more than one genetically distinct isolate of H. influenzae has been observed in Australian Aboriginal children (7) and in children attending day-care centers (8) , two groups at increased risk for otitis media (4, 7, (9) (10) (11) (12) . Carriage of multiple genetic types of H. influenzae may result from inadequate clearance of colonizing bacteria or from exposure to multiple circulating strains (4, 7) . Concurrent colonization with more than one serotype of S. pneumoniae has also been reported (13) , but the degree of colonization with multiple genetic types of S. pneumoniae has not been investigated. In addition, the association between risk factors for otitis media and colonization with multiple types of H. influenzae and S. pneumoniae isolates has not been examined.
We examined genetic diversity among S. pneumoniae and H. influenzae isolates colonizing 38 children attending two Michigan day-care centers. We also investigated the degree to which the bacteria were shared among children attending these centers and the relationship between risk factors for otitis media and carriage of multiple isolates.
Methods

Study Population
Thirty-eight children from two Michigan daycare centers participated in the study. One hundred sixty children attended day-care center 1 full time, divided into nine classrooms by age and developmental level. Fifty-five children attended day-care center 2 full time, divided into six classrooms. A total of 12% of the children from day-care center 1 and 33% from day-care center 2
Risk Factors for Otitis Media and
Carriage of Multiple Strains of Haemophilus influenzae and Streptococcus pneumoniae participated in the study. At least one child from each classroom participated in the study, with the exception of the classroom for children >5 years of age in day-care center 1.
Study Protocol
Participants were recruited from day-care center 1 in February 1998 and from day-care center 2 in June 1998. Parents signed consent forms allowing four throat cultures to be collected over a 3-week period. Parents were also asked to complete a short questionnaire assessing history of and risk factors for otitis media, antibiotic use, and demographic characteristics. The study was approved by the University of Michigan Health Sciences Institutional Review Board.
Throat cultures were collected once a week for 3 weeks from each child, for a maximum of four cultures per child. At the time of each culture, the child's teacher was asked if the child had been ill in the preceding week, and if so, with what symptoms. The parents of children who had been ill were asked to describe the child's symptoms and whether an antibiotic was given.
Bacteriologic Methods
Throat swabs were collected with rayontipped swabs (VWR Scientific, Westchester, PA), were placed in 500 µL Brain Heart Infusion (BHI) medium, and were transported on ice. Swabs were vortexed vigorously in the medium and then discarded. Five hundred microliters of sterile skim milk were added to each sample, and cultures were frozen at -80°C.
Samples were thawed at room temperature, vortexed briefly, and 100 µL of sample was streaked on each of two chocolate agar plates supplemented with 300 mg bacitracin (BBL, VWR Scientific) for H. influenzae selection and two 5% sheep blood agar plates supplemented with 2.5 µg gentamicin (BBL) for S. pneumoniae. Plates were incubated at 37°C with 5% CO 2 for 24 hours to 48 hours. Five colonies were selected from each plate for a maximum of 10 colonies per bacterial species; colonies with differing morphologic features were selected. H. influenzae isolates were characterized by X-and Vfactor dependence (BBL): 34% of the picked colonies were H. influenzae, 49% were H. parainfluenzae, and 17% were other species. Only H. influenzae isolates were characterized further. S. pneumoniae isolates were identified by optochin disc sensitivity (BBL).
DNA Isolation from H. influenzae and S. pneumoniae
H. influenzae and S. pneumoniae isolates were streaked from frozen stocks on chocolate agar plates and blood agar plates, respectively, and grown overnight at 37°C with 5% CO 2 . Bacterial growth was diluted to an optical density of 1.0 (610 nm) (SP 830 spectrophotometer, Turner, Barnstead/Thermodyne, Dubuque, IA) in 3 mL PETT IV buffer (10 mM Tris-Cl, pH 7.6, 1 M NaCl). The bacterial suspension (350 µL for H. influenzae or 1 mL for S. pneumoniae) was centrifuged at 13,000 rpm for 30 seconds. Bacterial pellets were resuspended in 100 mL PETT IV buffer, 100 µL 0.8% InCert agarose (FMC Bioproducts, Rockland, ME) was added to each, and 20-mL plugs were pipetted on a weigh boat. Plugs were cooled at 4°C for 30 min and then incubated with 1 mL EC lysis buffer (6 mM TrisCl, pH 7.6; 1 M NaCl; 100 mM EDTA, pH 8.0; 0.5% Brij-58; 0.2% deoxycholate; 0.5% N-lauroylsarcosine; 1 mg/mL lysozyme; and 20 µg/mL RNAse) for 4 hrs at 37°C (H. influenzae) or 50°C (S. pneumoniae). The buffer was removed, and plugs were incubated with 200 µL ESP buffer (0.5 M EDTA, pH 8.0; 1% N-lauroylsarcosine; and 1 mg/ mL Proteinase K) for 12 hrs to 24 hrs at 50°C. ESP buffer was removed, and plugs were incubated with 1 mL TE-phenylmethylsulphonyl fluoride (1 mM) for 2 hrs at 37°C. Plugs were then washed twice with 1 mL TE buffer and stored at 4°C in 1 mL fresh TE buffer.
DNA Digestion and Pulsed-Field Gel Electrophoresis
Single plugs were incubated 30 min in 100 µL 1X enzyme reaction buffer (Gibco-BRL, Rockville, MD) at 37°C. Buffer was removed, and plugs were incubated 4 to 6 hrs with 69 µL 1X reaction buffer plus 1 µL SmaI (Gibco-BRL). Following digestion, restriction buffer was removed, and plugs were incubated 15 min in 0.5X TBE buffer at room temperature. Plugs were melted briefly at 80°C and loaded on 1% SeaKem HGT agarose gels (FMC Bioproducts). DNA electrophoresis was performed for 16 hrs with 4-to 16-second switch times at 120 volts and 14°C, with the BioRad CHEF-DR III System (Hercules, CA). Three of the H. influenzae isolates did not digest well with SmaI and were excluded from the analysis. Twenty plugs from each species were also digested with ApaI. Bacterial isolates whose restriction patterns appeared identical or nonidentical with SmaI digestion also appeared to be identical or nonidentical, respectively, with ApaI digestion.
Gels were incubated 1 to 4 hrs with 20 µg/µL ethidium bromide, visualized under ultraviolet light, and photographed. The banding patterns were identified as either identical or different by the criteria of Tenover et al. (14) . Identical isolates differed by no more than one band; closely related isolates by two or three bands; possibly related isolates by four to six bands; and different isolates by seven or more bands. All isolates of the same species collected from the same child were run on the same gel, so genetic fingerprints could be compared for all 3 weeks. For example, all H. influenzae isolates from child no. 32 were run on a single gel (Figure 1 ), while all S. pneumoniae isolates from child no. 37 were run on a single gel ( Figure 2 ).
Analysis of Bacterial Sharing
Single isolates representing all observed pulsed-field gel electrophoresis (PFGE) patterns on the gels from individual children were run on a second gel to determine if particular patterns were shared among children in the day-care centers. Since not all unique H. influenzae patterns could be run on a single gel, individual H. influenzae gels were scanned into Adobe Photoshop (15) to permit comparison across separate gels. Any isolates that appeared identical in Adobe Photoshop were run together on a third gel for confirmation.
All statistics were performed with SAS (16). Fisher's exact test (two-tailed) was used to determine significant differences in the number of genetic types in day-care center 1 compared with day-care center 2. Univariate generalized estimating equation (GEE) logistic regression models were created to determine the risk factors for otitis media associated with carriage of multiple genetic types of H. influenzae or S. pneumoniae. The GEE SAS macro was used to control for correlation between multiple throat samples from the same child. Variables strongly associated with outcomes in univariate models were included in multivariate GEE models.
Results
Colonization with S. pneumoniae and H. influenzae
We obtained 126 throat cultures from 38 children at two day-care centers. One hundred two (81%) of the cultures were positive for at least one H. influenzae isolate and 60 (48%) for at least one S. pneumoniae isolate. We obtained 418 H. influenzae isolates (average of 4.1/positive culture) and 184 S. pneumoniae isolates (average of 3.0/positive culture) from the 126 throat cultures.
PFGE analysis identified 87 patterns among the H. influenzae isolates and 29 patterns among the S. pneumoniae isolates. Two of the H. influenzae isolates appeared to be closely related, as their PFGE patterns differed by only two bands. Four other pairs of H. influenzae isolates were possibly related, as their banding patterns differed by four to six bands. All other H. influenzae isolates differed by seven or more bands. All nonidentical S. pneumoniae isolates differed by seven or more bands.
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those patterns were observed in more than one child during the study period. Thirty-one distinct H. influenzae patterns were observed in day-care center 2. Four (13%) patterns were observed in more than one child (Table 1) . Thirteen distinct S. pneumoniae genetic patterns were observed in day-care center 1. Four (31%) patterns were observed in more than one child during the 3-week study period. Sixteen genetic patterns were observed in day-care center 2. Three (19%) of those patterns were observed in more than one child ( Table 2) . Sharing of specific isolates varied from week to week and room to room within the day-care centers. Most shared isolates (68%) appeared in no more than two children during the study period. For example, in day-care center 1, the H. influenzae fingerprint pattern #7 appeared in children from five classrooms on three sampling occasions (Table 1) .
Genetic Diversity of Isolates Carried by Individual Children
Fifty-four (43%) throat cultures contained two or more genetically distinct H. influenzae isolates, and children in day-care center 1 carried more genetically distinct isolates at a single time than children in day-care center 2 (p =0.028). The children carried an average of 1.4 genetically distinct H. influenzae isolates per throat culture (range 0-5; Table 1 ) and 2.9 (range 0-8) genetically distinct isolates during the study period.
Six (5%) throat cultures contained two genetically distinct S. pneumoniae isolates, and none contained more than two ( 
Association with Risk Factors for Otitis Media
Children who were 36 to 47 months old, had allergies, or were exposed to smoking were more than twice as likely to carry two or more genetically distinct H. influenzae isolates at a time (Table 3) . Children who had a history of frequent otitis media episodes were half as likely to carry two or more genetically distinct H. influenzae isolates. Children who used a pacifier were one-fifth as likely to carry two or more genetically distinct H. influenzae isolates as children who did not use a pacifier (Table 3) . No
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Emerging Infectious Diseases exposure variables were associated with carriage of multiple distinct S. pneumoniae isolates. In a multivariate GEE logistic regression model, exposure to smoking, having allergies, and being 36 to 47 months old were significantly associated with at least a twofold increase in carriage of two or more genetically distinct H. influenzae at a time (Table 4) . Using a pacifier and having a history of frequent otitis media episodes were highly correlated with antibiotic use; therefore, only antibiotic use was included in the multivariate model. Even after the data were adjusted, children who had taken an antibiotic during the study were almost four times less likely to carry two or more genetically distinct H. influenzae isolates than children who had not taken an antibiotic (Table 4) .
Conclusions
Multiple H. influenzae isolates are frequently present in the upper respiratory tracts of adults with cystic fibrosis (17) and chronic obstructive pulmonary disease (18) . Multiple genetic types were identified in 44% of the throat cultures in our study, a rate similar to that observed in cultures obtained from three Australian Aboriginal children (7), but considerably higher than that recorded in previous studies (8, 19, 20) .
The high genetic diversity we observed in individual children may be associated with use of throat culture specimens, which may contain a more diverse population of H. influenzae than nasopharyngeal cultures (8) . Alternatively, these findings could be associated with our bacterial culture and genetic typing techniques. We used selective media for the initial bacterial isolation, chose 10 colonies from the plates for further examination, and used PFGE to type all isolates. Use of PFGE, the most sensitive method available for genetically typing bacteria, may have resulted in detection of more genetic differences than other commonly used typing methods, such as multilocus enzyme electrophoresis (8) .
To address the possibility that colonization with multiple genetic types was due to colonization with a single isolate that was genetically evolving during the study period, we defined strain identity according to the criteria of Tenover et al. (14) . Few nonidentical PFGE patterns in our study appeared related; most had seven or more restriction fragment differences, which implies at least three genetic differences. Although the evolutionary dynamics that have resulted in a fairly high diversity among several surface exposed proteins of H. influenzae (21) have not been well defined, the large differences we observed in the PFGE patterns are unlikely to have occurred by evolutionary changes over the 1-week sampling intervals.
The association between risk factors for otitis media and colonization with multiple genetic types of bacteria had not been examined before this study. We found that children who were exposed to smoking were more likely to carry multiple H. influenzae isolates than children who were not. Smoking has been described as a risk factor for otitis media (9, 11, 12, 22, 23) , but the exact mechanism by which it contributes to otitis media had not been described. Mucociliary clearance is damaged in adult smokers (24) , and H. influenzae is more likely to adhere to pharyngeal cells of middle-aged smokers than nonsmokers with bronchitis (25). Etzel et al. (22) suggested that secondhand smoke may also damage the upper respiratory environment in young children, leading to increased bacterial colonization. Increased carriage of diverse H. influenzae types may partially account for the increased episodes of otitis media observed in children exposed to smoking. However, the association of smoking with both increased carriage of H. influenzae and episodes of otitis media does not establish a causal relationship.
Children with allergies were more likely to carry multiple H. influenzae isolates than children without allergies. Allergies in young children have also been described as a risk factor for otitis media (12, (26) (27) (28) because upper respiratory mucosal swelling during an allergic episode may cause eustachian tube dysfunction, similar to that observed during an upper respiratory viral infection (26, 28) . Alternatively, allergic responses may result in impaired mucociliary activity (29, 30) , which may permit increased bacterial colonization of the upper respiratory tract. As with smoking, while allergies are associated with both increased carriage of H. influenzae and increased episodes of otitis media, increased carriage of H. influenzae does not necessarily increase episodes of otitis media. Children 36 to 47 months of age were more likely to carry multiple types of H. influenzae than children >23 months of age. The reason for this association is unclear. Children in the 36-to 47-month age group were not significantly more likely to have specific otitis media risk factors than younger children. However, 36-to 47-month-old children may have more contacts than younger children, which could contribute to increased exposure to multiple genetic types of H. influenzae.
Children who were given an antibiotic during the study period were less likely to carry multiple types of H. influenzae than children who were not. As antibiotic use reduces or eliminates bacterial carriage, this factor may explain why children who took an antibiotic were less likely to carry multiple H. influenzae isolates.
No associations were found between risk factors for otitis media and colonization with multiple genetic types of S. pneumoniae. Only six of the throat culture specimens contained multiple S. pneumoniae isolates, and such a small sample size would probably not be sufficient to detect any associations; five of the six cultures also contained multiple genetic types of H. influenzae. Therefore, some children appear more likely to carry multiple types of both bacterial species.
Many parents were reluctant to allow their children to participate in our study (49% participation overall); thus, our study population may not accurately reflect the entire day-care population. Parents whose children had a history of frequent otitis media may have been more willing to participate. These children might also have been more likely to be exposed to smoking or have allergies and may have also carried more types of H. influenzae. However, we believe this bias is unlikely, as we found no association between carriage of multiple H. influenzae and history of frequent ear infections. Alternatively, parents who had other otitis media-prone children may have been more concerned about otitis media in general and more likely to allow their other children to participate. The participating children might therefore have been exposed to the same risk factors as their otitisprone siblings and have been more likely to carry multiple H. influenzae isolates. This is also unlikely, as children with siblings were no more likely to carry multiple isolates than children without siblings. Therefore, the associations between specific risk factors for otitis media and colonization with multiple bacterial strains observed may be a real phenomenon in day-care populations.
We may also have been limited in our ability to detect colonizing S. pneumoniae. Pharyngeal swabs are less effective for isolation of S. pneumoniae than nasopharyngeal swabs (31,32); we may have missed approximately 13% of colonizing S. pneumoniae isolates. In addition, all isolates that were typed by optochin disc sensitivity had zones of inhibition at least 17 mm. (A zone of inhibition at least 14 mm is necessary for presumptive identification of S. pneumoniae.) We did not type (by PFGE) any potential isolates with a smaller zone of inhibition; therefore, we may have missed some isolates that would have yielded a questionable inhibition zone. These limitations in our sampling and culture techniques could have resulted in an underestimate of the genetic diversity of the S. pneumoniae isolates carried by this group of children.
In summary, this study describes high genetic diversity among S. pneumoniae and H. influenzae isolates colonizing individual children attending two day-care centers. Carriage of multiple genetic types of H. influenzae was associated with child's age, antibiotic use, exposure to smoking, and history of allergies. Carriage of multiple genetic types of H. influenzae may be an intermediate step in the biologic pathway leading to otitis media and may explain the increased episodes of otitis media observed in children with allergies or children exposed to smoking. Future studies will determine 1) if the high rate of carriage of multiple H. influenzae is specific to children attending day-care centers or if all children commonly carry multiple H. influenzae pathogens in their upper respiratory 
